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This report has been prepared at Headquarters, Air Weather Service, 

on the basis of data submitted in the Annual Reports of the Typhoon 

Post-Analysis Board for 1946 and 1949. The report consists primarily 
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:;. _Jof~e±cerpts from the"two unpublished manuscripts.    Some editing, re- 

organization and condensation has been done in ah attempt to present 

the'technical findings; of the board-in .äs clear and 'simple a'Tnarme^'äs^ 

'i^/ipssä$b%s.f'-- ~ - '.''.!;"-' ~"~"~-:_~z =~  7~_ ::-~--     ,^r" •   _    -  -    .-?•       -'.-.' 

.-- The major deletion has been the removal Of Part I"("Theoretical^ 

,_ Aspects.".-of the 1949==re_port_X,' which presented a. method of forecasting 

=-  tpjhoo'ns. by: .mgärig1, pf ^m^n^fi.eJ.;,Ki-rsi'0h: of the streläjp^he-anäiysi'f 

technique :of Pa-lmei?.- and :o£he„r.s.; if. is available intraet äs AWS/TechniQ?! 

fJ 
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I.    INTRODUCTION 

1.    Organization Jof .Post Analysis Board» W 

During 194S, great  strides were made in the operational 
reorganization of the Typhoon Earning Center on Guam.    Due to the rapidly 
increasing demands for warning service made upon the facilities of the 
Center, it had been determined late in 1947 that  a complete overhaul of 
operational proceedures would be necessary to enable the Center to 
carry öüt its mission properly; however, a continuing__sho/bage of 
qualified personnel delayed the realization of this objective until 
the early fall of 1948 when the Typhoon Warning .Section of the Central 

- came into being as a separate, unit. ' ," ..<" "~"T~ 

Until that time, warning operations had'been superimposed upon 
an already "over burdened' Upper Air Analysis Section with a resultant drop 
in "efficiency of both..operations,.   A"single forecaster hadbeen assigned   . 
the duty of, Post-^analysis. of all "1.948r tropical cyclones and the writing _   _ 
of their individual histories.  'With the orgäM^ätxöri" of the Typhoon 
Warning Section,, however, the forecast,, briefing, arid post-analysis 
operations., were separated completely from the JJpper-Air Analysis Section 

_.and .wer.e. e^Qmbi|ied into a single unit*    Four forecasters were then assigiied. 
fco. ;p^rms^nt,.äiity jsät'h-'t^eLjSectät'Qn-'-^g^.ieär;"^ ön-';a^^ty|>höön^warning;;änü;:    . 
post-ana]^sis Qpe|*ätioiis*'\'^Qh-^^Qt^Q^bl;/'t^e'-orgä^^tiqn was theri;"~ 

-.scrutinised closely föiCweaföijss^ 
all. points to^obtaih^ J- _  / 7'-'-' 

7 --".      " The mission .of the~ Board1 is the p^ st^analysis and detailed study.---" 
of— each NortÖ;-Pacific, tropical.^cyclone in -the. "light of all available    : "' / 
data received fr&m^arlÄus^souf_c_es jboth beforehand after the cyclone has 
dissipated;.TThe results of this study are then incorporated-in^tp an      .'   "^ 
individual history of each disturbance, which,, in turn,t Is .consolidated 
into a „composite annual history and compilation of. pertinent data-* 

.Although research. a.nd^jsp4cial_projects" are adjuncts of the Post-rAnalysis 
Board, hor.cpmprehensiy_a_aitemptl.at..research,beyond the scope of this 
Report., has yet b%eh"attempted due: to_the relatively short _period of 

^ - 
•;3- 

I forejea^ting^experignee .of the individual Board members and the lack, of     :.~^ §!f 
specialized meteorologists .with the required, research background. . |g| ;j 

-• • .__        .      '- %s -8 
The eyes of the Typhoon Warning Service are the reconnaissance '•# J 

aircraft of the 514th Weather Reconnaissance Squadron (VLR) based on. -'M 
Guam, Without the services of this organization to draw upon, the problem . ;f| 
of accurately forecasting the movement, of tropical cycl'pnes over vast "^| 
areas of open ocean, with the .attendant lack of data, would be" virtually       "'/* 
impossible. Although no method has yet been devised to dissipate the * 
destructive forces'of tropical cyclones, with the aid of long-range .~; 

•"VFor background on the post-analysis program see AWS Technical Reports g 
-' 105-;7 and 105-42. -  ] 
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aerial reconnaissance, adequate early-warning can now be given to 
minimize the loss" of life and property. 

A most important phase of 1946 Typhoon Warning Operations was 
establishment of much closer coordination of efforts between Harmon and 
Fleet Weather Centrals.    All information that could conceivably improve 
typhoon forecasts, such as late ship data or reconnaissance reports, 
and bulletin forecasts were jointly coordinated prior to release.    This 
degree of cooperation tendedr in large measure, to allay natural fears 
and add to a sense of greater security among the various local commands 
and the native population of Guam when a tropical cyclone was approaching 
the Marianas.    Joint forecasts wereissued every few hours over_the local 
Armed Forces Network radio station during such periods. 

Similarly.,- during 1.948» a greater appreciation of mutual 
.operational problems was effected between the Weather Central and the 
5i4th Weather Reconnaissance Squadron.rr:It is felt that the addition of 

-/rated Weather Officers to the. Cejitraris staff during the year was an 
important factor in" effecting this change since they were better quali- 
fied to evaluate thel operational limitations of theB-29's v/ith which 

TtheT^l^th Squadronzwas ^equipped;..    Conversely»- an;earnest effort was-made-— 
_Qn they part of. both1 sf|arii|atlOTis: 'to-. $aM-liar$|e-.'5i4'th Sjq^adroa p§rs&nnei \ 
with'the. problems affecting the GenjtralV   The success-of these efforts ts 

^readily apparent., in the frne degree of- coordination now-e^d.stingo* /."__   _ _^ 

".• "!-        On 1 .February 1945>-.iTh.e .WeatherCentral", jinclüdingthe^Typhöon ,:. 
Warning -Section,...was moved from ^Harmon Air Force Base to .North Guam Air 

^Forc.e Base..    There is MttXs-^reasön tö doubtr-tfhat this moire resUlted^'in"   , 
/.even, greater T^hpon Warnxng^ffi^iency during. 1949- than was possible *- 

during .1943^' due /prllfaTiiy^to^tlre cToser/contactTof-Weather" Centrat — —:--~ 
.- personnel with those of the 514th Squadron and allied facilities.    The 

elimination-of-several se_ripus.  communications difficulties encountered 
while -the Central was^at Harmon Air Force, Basec also served to improve 
the Warning Service. - • _> .- 

'   2-,    North Pacific Typhoon Warning Service. — -        __ 

The-North Facific*Typhoon!Warning Service has responsibility— 
for the proper dissemination of typhoon warnings-to all agencies 

.designated to receive them in the North Pacific area.    The Warning" 
Service is composed of weather*unjts of the 2i43rd Weather Wing, Tokyo, 
Japan.    It is divided into three component parts:     (•_ 

(l)_  The Typhoon Warning Network, 

(2) The Typhoon Post-Analysis Board and 

(3) The 514th Weather Reconnaissance Squadron. 

1- 



The network is a'closely integrated group of six weather* 
stations of which North Guam Weather Central is the Typhoon Warning 
Center.    Radiating out from it,  like spokes of a wheel,  are the radio 
and teletype lines of communications to the five Sub-Centers, each of 
which is,  in itself, the focal point of a minor network of reporting 
units known as the Field Stations.    The Sub-Centers are located in an 
arc around Guam at the following strategic points: 

(1) Clark Air Force Base, Luzon, Philippine Islandsj' 

(2) Kadena Air Force Base, Okinawa]- 

(3)    Lunghwa Weather Detachment,- -Shanghai,. China;   .     . 1 

(&)    Haneda Air-Force-Ba.se, Tokyo, -Japan:; and   -        -"._—' ] 

(5)    Hi-ckam. Aii? Force Base, Oahu, Territory Of Hawaii.        _ A •     I 

~   - -     -In order to • appreciate •füliy~the" -tremendous -area over which, the 
"B^29 aircraft of-the 514-th Squadron-operate "during typhoon tracking ~ 
operations and for which the Typhoon Warning Service hars^f ore cast 
responsibility,, reference-should be made to the' chert oh the following   - 

. page;    •Ifi--an::4T^lise;^ag--Q'^ the. united State.S=,\ drawn to." scale jjrere - %• 
-Superimposed*On a majnof "the^Sorth P-acif^rb with Guam placedJi-iiM%.&- -    . --. 
geographical center^öf the United States^ Clark ~Air Force Base (Mahi.la)> 

»«•- 

I 

A 

r~r~_,-."       . '-:—  \   "Would lie about 200 ^-ies.-wsst, of San Francisco while ..Okinawa would, f-gjll— -^  ^ 
-r.^-   '_"'.   ;~-'-    .apsrej? .Vancouver..^ Tö the east, Rwa^alein Atoll- would lie~near'-Bermuda-, -    '~  4. 

-'"•:.'   -   Wake Island would'lie."over Fp-ctlandj.Jfeino,  and-Hi-ckam..Air.FbreerBasejT-    "- -   " -" =r 
-"_"'-•      -- . ^ "Hawaii, would-be - is- the ^vicihi7^%^-^hll^Az:örSo-. .- To, the-;north^J^o/Jima , •' 

'-.'"' •-      ~ **"-'-. would, .be near Wihhepeg-, Canada,  and-Haneda Air'Force-Bäz<rf Tokyo,'would ----       ;|- 
:'-"---_-_   'be located'.Still farther-north,  in the Canadian N or thvrest.     ."   ""       ".    -"-   __ f 

II.    SüMM^QF. 

3. Sources of Data.     "_•-—. ; '  -- _       -1- . '§ 
" '   -     '        " - "    - "  • - 1 

-— - -Numerous-books and.:articles have-been written on the~subject of "_•_ |i 
typhoons and hurricanes j the majority.of which have been based .en.-" •- - . ~~. ;| 
information gained from regions provided with a rather close-knit weather- * -"'- - 4 
reporting network. ForecastliTj"-—--hurricanes in the Caribbean area, . ,a 
where the number of reporting stations is relatively large.;, has shown 4 
that present day forecasting rules and techniques, applicable to tropical 
cyclones,, leave much to. be desired. This is especially true in the -| 
Pacific where reporting statior-s -are '.thousands of miles apart. The       -- . 'A 
Western North Pacific encompa' ;-.;2''-ir--';-iiä of great magnitude. -* 
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With this vast domain, the breeding ground of typhoons, are located 
eight island stations from which the Center regularly receives surface 
and rawinsonde reports. These few reports are supplemented by ship 
reports and aircraft in-flight data, the accuracy of which is often 
somewhat questionable. 

One of the primary purposes of this Report is to place on 
record the knowledge gained" during 1948 and 194? typhoon warning 
operations in the Western North Pacific and to emphasize the'need forv 
additional reporting stations at strategic points throughout the Western 
ftorth Pacific. Points brought out in the following discussion are the. 
results of empirical observations rather than theoretical*applications. 
A higher level "of ""experience and the anticipated addition of personnel. - 
with-research backgrounds.'promises to make subsequent annual Reports far 
morer;.comprehehsivei "'" - . .. .''...._    . •' _---  -•  - •_:..'. '"...*.= :" ;  =.-.-" ~V =''.---' 

I 
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'%.    Classification.-of Tropical Cyclones; 

There are only two areas in the world where -intense"tropical 
cyclones are-known -a-s"t^h^o.e-nä._ ." Those/äi?.e.as jir er tjte^We.sfe_ern- Jfe^h- ;_.- -C 
'Pacific1 afid:^S'e:jSqu%h."'CMrh^7S§a-,*. Since "jb'ropjleal .§yclqhes_tqccür in vary*--. ' 
ing degrees -of- intensity/it ijs~ necessary.to classify them accordinglyi~~ 
In thV fallowing descrjyotive ;classific.atipns-,.-it^ is'not to be^on_s_t^?ied__, 

' thatjevery~~treopj^alT^clpne..will- fall jraerringly iht o_one of the.r'd^eel. ._--. 
Rather, it should be ke.pt in mind that the pictures presented-: 

are idealized ones and. bear the mbst pfteri observed, characteristics of,. 
the. storms in""each category. 

a. tropical Depression. 

'•- ,1~ —-—, A tropical, depression is, in. reality, a. tropical storm or 
typhoon in its early stages." It is defined äs a tropical cyclonic 
circulation of winds- with maximum, velocity of 2? knots or less. On a .;" 
surface chart it appears^'as one or more" closed isobars. It is most -  ._. 
often characterized" by a."large, loose, often ill-defined,"center;    .-" 
surrounded by considerable "cumulus "and cumulonimbus activity interspersed 
-with""varying decks, of moderately thick altostjatus and .capped with a 
shesfj  of cirrostratus clouds.which extend out some distance from the 
center. Sea conditions are light to moderate associated with general. •„. 
squalliness throughout the area except near the center where light 
continuous rain is found. Except in the vicinity of cumulonimbus 
activity, flying conditions will be characterized by only light turbu- 
lence with visibility reduced by cloud decks. 

I 
•4 

4. ' 
'I:v. 
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b. Tropical Storm. 

A tropical storm is best defined as a tropical cyclonic 
circulation of winds with maximum velocity randing between 28 and 64 

.•^SÄjW^BSWTC--!?- 



knots. It is characterized by two or more closed isobars with greater 

symmetry than those of the tropical depression. It has a fairly well 

defined center surrounded by decreasing heavy cumulus and cumulonimbus 

activity imbedded in decks of thick altostratus capped with cirrostratus, 

There are moderate to heavy bands of precipitation around the outer 

portions of the storm. The areas between the bands are relatively free 
of rain and the visibility" is better. The band of weather immediately 
surrounding the^ center is moderately turbulent depending upon the degree 
of cumulonimbus activity and heavy continuous rain is typical of the 
area. Flying conditions are not considered particularly hazardous^ 
although turbulence is moderate in the, bands of heavy rain oriented 
around, the, storm3 s circulation ^and visibility is mostly obscured by .  >" 
clouds except in,fairly open.areas between the rand bands and between 
decks" of altostratus. ~ The sea is characterized by moderate; to heavy 
swells of greater than normal length. Much foam and spray_give - evidence 
of the effect of the strong winds on the surface-».- .  * . 

c. Typhoon. ,'<       '     '_      ' ;  • -  * 
-3 

8.-- 

b 

-- :"--.        -A.ty^lQpn is a tropical syclpnic jDirculation ,of'winds with -   ~^ 
•'intehsi'tigg'0 -B%. knot's ~G& greater«;   It usuäläg- has ä well-defined center^";: 
qr *&yenJ an- area'of light variable vahaVs-and generally either^ open .to   ". 
the~sky oiT capped by ".a thin veil of cirrostratus."   Surrounding; the typhoon 
in, a radius-of:250jnxles tö^äs^much as 50.0 miles, are cloud formations 
of varieji descriptions".    Sta"rting__.from _the outer edges, a thin overcast.   -^ 
of Thigh cirrostratus is. encountered,,": .and,,, as the center of/the typhobri . 
_is approached, low'scud is encoüntered_under thickening layered decks- -  -  - 
of altostratus..^. Embedded in_the ^altostratus are .scattered cumulonimbus "'   ~~. 
in varying degrees? dependent uponhorizontal wind shear and the energy 
present in the typhoon.    Inside the'comparatively operT area of the eye;, 
are found scattered scud clouds near the surface.    On the following page, 
the chart depicting the> idealized, structure of a typhoon shows lines-Of 
weather radiating-out. from the "center of the storm like the streamers     '~ 
from_~a~pinwheel (see lower -figure-)-.- /"It is thought that the-bands of rain" 
and turbulence about ""the typhoon are., in reality, lines of convergence, 
with built-up cumulus and cumulonimbus, very heavy rain, and moderate to 
severe turbulence along the length of the.line«    This conception'appears 
to be borne out by the cloud configuration about, a typhoon as photographed 
on a radar scope. —-—  --"'-'_•_ ~" *[~      •':•_ 

(   , 

^Site^s 

-h«asss?sTr" 
——»»•» ten i .in       'iiiii'ii 



VERTICAL CROSS-SECTION TYPICAL 
TYPHOON 

. i - 

?   - 

1 ' 

I: 
| 

3 
I   -i 

«FflOCtXXD IK 95"» PHOTO "TECH W*T 20• ** 



3£w^ 

The state of the sea in the typhoon area also indicates the 
tremendous forces in play there. The ocean is sometimes churned into 
giant waves 40 to 50 feet high, wave crests are blown off in flying 
sheets of foam to form long streamers over the heavy typhoon swell. 
These «wells, of unusally long wave length, extend out from the center as 
far as 1,000 miles in a severe typhoon and are one of the most reliable 
indications of the presence of the storm. 

5. The banger Period. 

There is no such thing as-a "normal" typhoon season. Averages 
can be obtained for the characteristics of typhoons observed over a period 
of years, biat anyr individual typhoon may vary greatly from such an average. 
For example., the typical life cyble of a tropical storm as described in 
the literature is well known: A,depression forms, somewhere in.the 
easterlies, moves west-northwest while intensifying into a tropical storm 
or typhoon, encounters a westerly trough, decelerates, recurves.and moves _. 
off to the northe_ast accelerating and posing intensity. This is the 
"average" or "typical" picture of a typhoon, and yet only two tropical 
cyclones, Patricia and Allyn out of the twenty occurring during the 1949 

^#|ason ;beha>7§d j&i.suchjja £aöhiöiiv,. All _the.,others .-followed, tracks with _-; . 

a&ost eyery. v^rigtiBn*possiple,*.including inverse reeujrvätiire., dgubJLe ,'_ 

. curvature^ and loops.. Still ? some attempt* should, be, .made to define a* 

central tendency in.b??äer to provide a basis for. comparison/ It should- 

be rembered that averages must-always ,be taken with ä grain of-sälty-äfiä ~~ 
this'-is particularly trJaeT where typhoons a re_ ^concerned.    -       ~~" 

• 

a-. 
V 
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'-7~7 -During the .period that'the-Typhoon-Warning Center is issuing f. 
bulletin's on "a tropical eyelone,_the usual series of events is~toT^*sue ~~ 
warnings~on all three stages of development, the length of time in each 
phase being dependent, upon the rapidity with which "the cyclone reaches 
typhoon- proportions. All tropical cyclones that reach typhoon intensity  
"begin as "twpicai~dep;rens^ storm intensity, and eventually 
emerge as typhoons. Once the air in which the typhoon is imbedded loses 
its energy potential, dissipation,.in the reverse order, takes place. 
The. final stage is the acquisition of extratropical characteristics, or 
.rapid and complete dissipation. •_!_.  •_ ~ .  - 1       -"."<?.   ~ — . . 

Because of the erratic' nature of tropical cyclones, few adhere 
strictly to the systematic progression outlined above. The. number of 
times that a tropical "cyclone can vary between storm and typhoon intensity 
is apparently unlimited. This variation is practically impossible to 
detect over open ocean areas and can be determined definitely only by 
information gathered from" frequent reconnaissance missions. 

6. Typhoon Statistics. ---     --   , "' 

During the period 11 January 1945 through 12 December 1949, 

th° Typhoon '..'ani'.'^ '>'"ier issue'"' Bulletins on a total of 43 storms 

S 
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(.25 in 1948 and 18 in 1949). Thirty of.these storms reached full typhoon 
intensity. The most destructive storms of the period were Libby in 1948, 
and Delia, Gloria, Judith, Kitty, and Allyn in 1949. Consolidated 
summaries of meteorological data on these storms is presented in table 
form on the following pages. -A more detailed analysis of the reasons 
for formation and recurvature is given in the next section. The Appendix 
to this report contains a series of maps by months showing the storm 
track and relative intensity of tropical cyclones during the period 1945 
through 1949. 

-__. III. ANALYSIS OF DATA.   

7. Seasonal. Distribution. - 

The table on page 13 shows-"the average-number =o-f tropical      r- 
-eyclohes „occurring in the North Papific Ocean each month*. Two groups .of 
data are shown:* h-istölical_äät£-$Qr 1905^193-7 and ;more current data for , _• 
the years 1945-1949. inclusive. VJhiie "there are certain-differences, the 

•two graphs have „the safee general features, in that both'-show the saml". ?. 

seasonal fluctuation of .cyclone activity,, -February being the month of 

minimum frequency and September, the-maximum. It "also appears conclusive 

that, the-seasonal dlft^feütiön: ;pf $ropj/.cal cyclones is-appareritly 

^governed,, primärlly.j, by the,iatltua^nä>|..shift of.> the .Intert^6^cäl. Fbonti- ^ 

'During' January,. .February.,. Marsch and•Ap^-1^ .voieftrthe mean position-of'the;. 

•Front is. .near j  or- south -of the. Equator," the. 'frequency oftropical cyclones;, 

•-in-the -North- Päeifi:c,;irs atra. mnimum,;,ave.rägin^Ies.ä"thän öhe^pjs.r months -r 

During subsequent, months^ äs the_mgan positiön*vöf"the -Front-moves .north- 
ward, their^frequency increases gradually until an average: ^nthly;-maximum • 
of 4*2 to: 4v8-cyclones^s-reached, during the ~möntfr,-od September._...' _ ;^g~^j~ 

. It is~interestihg~"to note that, while--both graphs appear much   : 

the same in the ...overall picture^ the respective monthly averages vary 
considerably. The 32-yea-r—average shows January^ February, March, _and - ' 

<§'. 

•€ 
•A 

% 

'« 

-April to.have a greater Trequehcy^of "cyclones thärnthe "corresponding-months-—. —'- -| 
for the last four-1. years^.^ July and Decemberxalso show a greater frequency j 
but. of lesser magnitude. Since_the first four months just mentioned - J§ 
represent that time of. year when mid-latitude-storms occur farthest south, 
it is felt ihat_t.his: difference nay be attributed to the fact that the  
lack of organized .reconnaissance prior to 19.45, may"<jhave resulted in warn=- - 
ings being issued on disturbances that were actually wave formations or-; •% 
shear lines, and not tropical cyclones as we know" them-today.--Conversely, | 
the recent four -year—average shows May, June,c'August,. September, October, *| 
and November to have a greater frequency of cyclones than the corresponds J 
ing months in the 32-year average. These increased frequencies'during _ 4 
the mpnths of the normal typhoon season are felt to be more reliable than 

previously used averages, as present-day reconnaissance'"makes possible ; 

the detection of a great number of storms which might have" otherwise gone 

unnoticed. 
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A consideration of the charts depicting cyclone tracks for the 
past four years, contained in the appendix.at 'the'backesid of this Report, 
will reveal that there were any number of cyclones, that, without the 
aid of reconnaissance and numerous aircraft in-flight data, would have 
gone undetected. An outstanding example of this is the month of 
November. Yvonne, Elnora, Nora and possibly Betty, if it had been a 
typhoon of narrow dimensions, could have conceivably gone unnoticed. 

""During 1%9, the seasonal distribution off storms varied 
considerably from the mean. The maximum .occurred in July rather than 
September,' and the season didrnot actually begihi.until June, -no storms 
have occurred in February, March,, April,*s>*or May. Carmen, which occurred 
in January, is considered as. part of the 1948 .season; Also, August,./ ^_ 

September, and October had only 3 storms- as compared, with an average 

ojfN.ll for 1905-1937/and. 13" fW.t945-l949v • : ~     -i   ".""*-*'- --.- "-* 

•'--   Such variations from the mean are quite common. The range, of 

the number of ^storms for the month of "February-is Ö-4, whereas the mean. 

is 0,4.. In July, the range is 0-7 with a mean of 3.4." These figures 

•serve-to illustrate the reliability, of .the mean.. , -_       - .  -. 

I 

-  , . -./^ ^;       -. - ~ —Slatestalc.s./gathered-lffii the "past feur;-?years., 'Vyith^the--äidvof' • 
excellent reconnaissance and experienced' bbservijrs^ _tend/to emph'asizfe- 

. -.Z- -      -two*-important conclusions^/ .ttiaj^ many more tro7^cal^cyeloh€«_ occur-r 

,. *      *    annuaiiy_in the Pacific. than wa|f previously- thought;,, 'and, that a very 
-_-    limited number- of them occur during the months of .January/ March;, .arid 

~ '  . /  April.    These-conclusions3-however yalid their accjiräey,--are still 
", .-.. limitediby their short period of '^bseryatiön.^pdlshjiujrd be..^consi^äered 

-merely-as a" trend until further"; substantiated 'by data to be gathered 
'   -      "     subsequently." _  _  /    .- -- "  . .._/ /"        -  ,/ -", 

&   - - " "  • ' - •     - -."""" '""•.' "'-".' — — 

". -- ,3. . Latitude of f omätiöhT'     • • -.   • •      '*--. - •   1    - 

S 

• '-3 

.  - -:-. ..As was stated earlier in this" discussion, tropical cyclones  '---'—--- 
form at varying degrees of latitude, dependent upon the location of the 
rlntertro.pical -Front "at the particular time.. On the ~ following "page- is a 
graph - depicting^ the average, latitude of'tropical cyclone^formation in the "---~|f 
Pacific. .Here again, data gathered from 1905- through 1*936 is compared    " -/""ft 
to_that gathered from' 1945 through-1948." Prior to World War:.II,' when     ."--. i 
there was.no aerial reconnaissance and only.a limited nyjxiber of aircraft      | 
in-flight reports, the majority of tropical cyclones..were not detected     „• 1 
until they had reached-a point north of the 15th parallel and west of        T 

the 145th meridian, an area frequently traveled by surface vessels. f 

It is thought, that, for this reason, statistics presently in use relating     -:, 

to Pacific cyclones, show the average monthly latitude-of formation to        » 

be abnormally far north. Again, increased reconnaissance and more in- 

flight reports have shown that, on the whole, tropical cyclones in this       % 
region form much farther south than was previously thought. A study of 

12 
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the graph shows this to be the case in practicalljuevery.instance, with 
the exception of August.    The average latitudes of formation for February 
and March have been omitted as there were no storms occurihg in February 
and only one occuring during March in the past four years.    Since cyclones 
during these two months are so infrequent, their average latitude of 
formation, presumably around 6°N, is uncertain but significant in that 
they must be considered in any theory of typhoon formation. 

9.    Development „and. Intensification. 

."Weather and Climate of China".shows three regions where storms 
originate in the North "Pacific-Ocean.    A copy Of this-chart" is shown on 

_.     . the next page.    Studies by the typhoon Post_Analysis Board have indicated 
^w^^that typhopns do npt^"originate" iVariy such, defineable area, but develop ___ 

•from :e„astgrly waves that can=.i-n most casesJhe traced back to Kwajäleih 
."_ Atoll brffa^^ervt.o^the east»    It has been estimated-that .some 3^ percent tjp 
jk of the total numb er" .of easterly Haves. develop into trGpicalTcyciones^     - 

"--'    following a fairly "regular pattern "of intensification .from wave to tangent. -- 
_-—-   . point to-vortex, to depression' to tropical storm=and =finally_to a-typhpon^ 

,-^._, -.-_ ;- Perhaps a better term, than origination would be "intensification". 
.    ^ --.AnintBhsi^ the"*/ • " -j\" 
'"- -r^-- -^rppi-cai '.cy<?lpjiejiintensif^.ed to.^a- si^fici'ent'/extenHr^tö: be^c^p^^a^t^h'don.- 

.   --   -"Wfeath'er and -CJLim|t.e; &i -China'}; do:esr hot ^ye/any Criteria for äetelfahing/    " 
-d^pöite4->.-S.Q/^ are the areas- in -       :l ;- 

# 

f 

a 

: ^which-.a typhobn'was- first- iiot'i-Qedj-or;where"_the depres'siohchad -intensified 
•"   into^a tropical-storm or ;typhoqn> _   '--     ,.--:"_ - •-'  .   ' V -' ---=""'_" 

~~'~   . If it .is assumed that the pictured areas» are_areas'of intensifi---— 
cation,' then they" agree' fairly well with the areas., of intensification of 
19/t9'storms. "The" ~cri"teri7aJ;-or:"establishing_the point of intensification 1 
'of the 1949 storms „is the position given on the first bulletin.    The : 
areas"t,hat~include most of__these,^points do not coincide exactiy^with the^     •' " \ 
'so-called areas of origination, due possibly tq the use^öf different. - •   ~i 
.criteria or <to. "the fact that the .data for I94SJ>s not entirely represent^ "| 

.- ative, ..but there- is a great ..deal of .similarity. '•"              "     /.../;.. .'-. . | 
••       • *      -.    "•  -       -     "'  '   ".'•.' • ' la 

• ' " In'bbe- 194.8; report of the-Typhoon Post Analysis Board?--the areas- ~~"_\ 
.. of originwere determined by the" points at which -tropical- cyclones-were--_^J | 
first detected, regardless of the'intensity-at the time. "Such a pro- ;- ••*•• - % 
cedure naturally placed the•supposed areas of origin farther to the east J 
than.those shown on the chartr The trouble with this method is that " | 
some storms may be detected when they are just beginning to intensify,   - \ 
whi±e others may have reached fulljtyphoo.n intensity before-data indicates _ ] 
their .presence.               -       - - - 
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From 1949 data it appears that the area of most probable 
intensification is the Philippine Seaj that part of the Pacific Ocean 
bounded by the Philippines on the west, the Marianas on the east, Palau 
on the south, and approximately the 23rd parallel on the north. In this 
region 14 or 70 per cent of the tropical storms and typhoons of 1949 
intensified. It is hardly necessary to state that easterly waves or 
tropical cyclones of less than tropical storm intensity should be 
carefully watched in this area for signs „of-intensification. 

10. Reasons for Formation. ., . 

At the present time, little can be written on the development 
of Pacific typhoons other, than to point out apparent causes according 
tOjthe synoptic patterns in which they originate. The Inadequacy of 
weather data-in the open ocean areas of the.Western North Pacific pre- 
cludes the..accüraey of analysis necessary to detect typhoon development, 
with any degree of efficiency. ~ Even whan a tropical cyclone has reached 
typhoon intensity and is the dominant featureof the weather map, the 
analyst is frequently at a~lö~ss äs^the exact location of the typhoon,     -= = 
and certainly is handicapped by lack of information with which he is 

" expected -tö_ £Q-re@ast. the. jnovenient..-^-y~ ;-" - ~ ._=-. :-._-" j~-:""   -. v-v.^--.:,-___ 

--'  :-'. -^"The -'voltMe^r"" Handbook of .$Ie%eoro,l0gy,,r by ^B#^y.-. Bol-lay >. > -; 
and Beers,, jjlassifies tropical cyclone;? into fpür tyjies..j3f depressions; ~ ~. ~* 

'  depending .upqn whi^h pne .of the following; f GUT synoptic models _was_ ~—- 
instrumental-in-^neir formationr.^The Int^rtBopiCai Fr'ont, "strong polar. 

. trough, ;"the easterly wave, or "the~lnduc.ed trough-. ~ iEt is thought that" 
this classification ^.asJdetermined, primarily, from data: obtained in " .. = 
the "Caribbean.-.area arid does not.,, necessarily,, apply'to tropical cyclones/ 
in the Western North Pacific. From "present indications, none of the above"' ~V \ 
four types, ~in themselves, resült-^irr-eyclone formation in this region. .^^ -f 
Rather, it is felt that a combination of two or more, of-the patterns listed   \ 

^must be present in the_ formation of each cyclone. Tin example of this"""" ~.    f 
would be the presence of ,an easterly wave-associated with the Inter- || 
jtropical Front, and the combination of systems being intensified by a    /'  ;|| 
southwest monsoon surge. -   • ;     •~r~"      ±  •• • ** -% 

a. Intensification hi an Easterly Wave on the Intertropicai „- „•'   . | 
Front caused by a Sounthwest Monsoon Surge. 1 

•i 

* 
On the ..following .page is a section of the| surface map at.        I 

the time typhoon Libby, one of the more intense 194B typhoons began its 
development. The two parallel- lines drawn through the two low-pressure 
centers near the bottom of the map represent the Intertropicai Front. 
The dash-dot lines extending northeastward from the lows indicate the 
positions of the easterly waves. On the map prior to the one illustrated, 
the lower two-thirds of the area shown comprised a flat 1008 millibar 
pressure field with the base of the two easterly waves imbedded in a 

ip 
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1005 millibar cell of low pressure along the Intertropical Front. 
Subsequent developments viere such, that the low pressure cell split, 
forming the two separate lows as-1 indicated. The southwest monsoon 
surge to the south of the Intertropical Front, as indicated by the 
2000, 4000, and 6000 foot winds at Truk (97vf), was sufficient reason 
to request a reconnaissance flight to the suspected area midway.be- 
tween Saipan (894) and the weather ship "Birddog 4" stationed at 11.0    _ 
degrees north latitude and 156.0 east longitude. The reconnaissance 
mission flown to this area reported a weak, closed circulation at 14.0 
degrees north latitude and 152.0 degrees east longitude. This depression 
at the base_of jthe easterly, imbedded in the Intertropical Front, 
intensified as^-the result of-the southwest monsoon surge,-and resulted 
in an extremely intense typhoon. .•.'-.._ 

The pressure field, accompanying labby's development, was 
not the typical pressure distribution normally associated with the 
intensification of an easterly wave in this manner. The more usual 
picture is that^: 6j£;atw.ell_4;ev.e.loped easterly imbedded in'a.deep ..easterly 
flow, to the north of the -Intertropical Front with ^therwestern lobe of .- .:/". | 
the Pacific.High Cetl well-to %he-west of the:perturbation. The Inter- - : ~ 
tropical Front arid the easterly wave form what is commonly known-as, the  _. . - —'4 
"triple point." -At this stage., however, the circulation is not complete.   * •'; 
"To; the, riortfe- -of; thg Sntertropicau. Front-, there.is a'fairly strong., open» -  . A 
-cy^ionic^wii^vflow.,, while ito^jthe "¥^U^_^jä^e;'^6^T^'-^^ht.^vä^^V3:6; ~: r   •: ;' J^|, 
^i-ndss ;' fhe= picturjl -thus pres'eri^d'is'-cl^able-'of producing -"widespread . ""-"-rt""^" 1' 
s,quailines.s:to«t'he north ofc the Front.        .: ;~- -.     ••:-- '•  ^-' - • ""-; .1 

- 
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7 """-"..   southwest, surge of air. - In -the "case of 'Libby, it i si felt: that the surface ~" --'. -.3 
v"  . '"_-"/  surge, as represented by,the winds at TrukL.C9JT)» was:-produced—by-ra-: ——--- 
-^      /previous, or /possibly ;sif^ltane,bus, intrusion from the-south of relatively — J 
%Z -      cold; .air aloft into the potential storm a"rea. This advection of cold air J 
-       "produced an increased tilt to the axis of 'the easterly wave;, resulting ] 

•_ ~.    "in decreased surface pressures.- 'It is believed that the surface surge" - 1 
,- -  was the resuit_ of the decreased pressure "at the base of the easterly. -| 

-—.-y--- - Storm development _was rapid once_;the-surge was established.            .-. | 
""""'. ;'"   ' 7 : .*      .•  '•          "' "'- - -   -^-- """•  "v:"""_""    •   •                       •-. § 

.*£..   j ''.• - -~:__^     -           Tropical cyclones that develop in the manner described | 
'„ _ "; • . _ above 'are "väriabi-e-ih t.he-ir« intensities. This variability is determined, _ ( 

~.  for the .most "^paTtjJby-ihe moisture content :bf the air masses, involved. | 
•   The higher the -moisture -content, the more^intense the storm. This: type 

..of storm usually- occurs most frequently during the summer months when -   
_ the Pacific High cell has reached its'most westerly point of emigration. ' j 

- = -"_•        .     "    '    '."'/.     /'-•• ! 

b, " Intensification of an Easterly Wave on the Intertropical \ 
Front caused by a Westerly Trough.                     - - j 

Of the five synoptic patterns listed on the composite data , > 1 
sheet, it is felt that this one is least probable of causing cyclone \ 

•1» 
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development,    At the time the two cyclones, Nadine and Hazel, formed, 
the only apparent reason for the intensification of the easterly wave 
on which they developed was that  of a fairly weak westerly trough some 
distance to the north.    At the time, it was believed that the Southern 
end of the trough, at some unknown height above the easterly, caused its 
intensification.    However, it is reasonable to assume that, if a westerly 
trough is not sufficiently strong to induce a surface trough in the 
easterly flow, neither is it sufficiently strong to intensify an easterly 
wave, unless, of course, the vertical activity Of"the easterly extends 
to unusual heights'.    Consequently, no further discussion of this  synoptic 
type,=will be made in this Report.    It is felt that further study is 
necessary to explore possibilities and justify the validity of its 
classification as a cause.of tropical cyclone development. 

c.    Intensification of an Easterly 'wave on the Intertropical 
-"- °:""".: Frönt cäüseä^by a Trough".in theUasterly. Flow Induced 

-'- .-J^-V    ,'~hy ä Westerly Trough.- 4    •• 

,\ On the following1 page is affection, of ä chart ^showing the   ; 
.synoptic models that led to the development of TypHoon^Beverly, the last 
tropical cyclone of the 194'8 season. "^: 

•-_•'-••- -     . Jfarisng^i^ "--* _ 
systems move ihtö,the-tropics, there „are a number."bj trough?.,, in the^ 
easterly ;flow,,induced by westerly troughs associated with te&petätö^ 

platitude/^st^ms,''^During^this- tlm§. of .year,- the.Pacific High j>ell\iir"7~ 
displäced-well to the"east and. :s"outh. of its s1Äer>positi.öh.    This-  "-." 
southward, displacement .oT"the.systems, however, does not preclude "theII 

" „possibility of easterly waye^intensification^ providing the necessary v | 
factorsufor intensification_are, encountered, before the easterlies^each- 
150 degrees east longitude, near which point they Usually dissipate.    ~~ 
This being the case, the majority of cyclones resulting from synoptic 
patt erns oT^thTs~t3fpe TfsuaTly~~f orm~in~source region VA". 

it 
1" 
3 
I 

•I 

: The map referred to above,7 shows «a westerly trough just 

to the-west-erf weather ship "Birddög 4% and:an easterly wave^approaching 

the island' of ~Pbnape A372). Both systems "were rather intense, as deter- 

mined by the weather experienced as they, passed Guam ^9?) and Kwajalein 

Atoll (968) respectively. As the easterly came under the"influen"cre~pf- 

the area of mass divergence associated with the westerly aloft, the 

-surface pressures fell, and, in effect, induced theEntertropical Front 
into the potential storm area_. This, in turn, provided an influx of air 
from the south. A short time later, the series of events just described 
were completed and a definite- closed circulation existed at 6.5 degrees 
north latitude and 153.0 degrees east longitude. „In general, the 
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tropical cyclones produced in this manner reach typhoon intensity 
shortly after a definite closed circulation has teen established. 

• 

ft 

d. Intensification of an Easterly "[aye on the Intertropical 
Front caused by the North Indian VJesterlies. ' 

The synoptic pattern represented by the chart on the 
following page is distinctive, in that the only place in'which it is 
responsible for the development of tropical cyclones is in, or near, 
source region "CTf. Involved in this case, as in the three previous 
cases, are the seemingly inseparable easterly wave and Intertropical 
Front, the third necessary factor being a strong westerly flow of air- 

, across the southern Philippines, comparable in all respects to the 
North.Indian Westerlies referred to by Deppermann. (See American    • '.' 
Meteorological Society Bulletin for December, 1947). The chart referred 

. to above shows the synoptic pattern that was instrumental in the 
formation of tropical cyclone-'Sbse,..  -. --.._-. "        _,,- ... 

~      : - During the. months of "July and August^ the 'mean position of 
the. Intertropical Front, in the Philippine and South China Sea region, 
.is, in general., an east-west line over southern China then dipping south- 
-eastward through Formo.sa to Guam. This peculiar orientation of the 
Front., produc.es "a. southwest, .monsoon flow.oygr the entire.'South China .^Seä 

, and; as far'fist as the*i3Qth meridisin. The^normal.path ofeaste'rly" 
. " wave.s tö ..the west 'of JSgam-,* during these, twö jnönthSi, is northwestward.. 7^ 
- -älQhg the ..line of^convergence^.betweeh^the^^qüthwest monsoon and .the "*, 
. northeasterly ~ trade sv^TKe7 simultaneous existence of a low. pressure ; 

0 area in the^Söuth China Sea...and_ah active easterly wave to the east*-of 
r 

. the Philippines, is a situation favoring the .formation of a tropical 
cyclone^ in source region^ "C". The. westerly flow of the warm, Jttioist air 
across Mindanao, as is indicated on the chart., provides the. required 
potential for cyclone development at the base of the easterly. Cyclones 

.. foiming in this-manner are usually small, the.winds of typhoon intensity 
being confined to a  relatively small area near the. center. 

-   I 

•^ ..        e.    Formation änd-Ihtensification of a Low Pressure Area        - - 
at "the Base of a. Westerly Trough-in the Vicinity of the 
Inteftropicäi Front. ,'J" \ ---;  ~- 

A consideration-of the chart oh the following-page wil-l 
probably raise a question^as to"the difference in this  situation and   .. 
that brought forth in Example C pi .16. . The maan\dififerences--to> be 
pointed out are the absence of an easterly wave in this example and the 
differences in the structure and intensity of the respective westerly 
troughs involved. . . . 

The westerly trough discussed here, as contrasted to the 
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one associated with the easterly wave in Example C, was well developed, 
slow moving, and, at times, quasi-stationary. The intensity and southern 
extent of the trough was substantiated by the winds aloft over Guam. 
This well developed westerly, induced a surface trough of the magnitude 
required for the northward displacement of the Intertropical Front. 
Here again, as in Example C, the Front was induced far enough northward 
to provide a surge of warm air from the south completing the circulation. 
It is doubtful if an easterly wave, in addition to not being necessary 
for this type of cyclone development, could eÜsLin a synoptic pattern 
of this type, A westerly trough .of-great intensity disrupts the deep 
easterly flow to the east of it- and results in the dissipation of any 
easterly wave thätTSay~be~Tpresent, Since the base of the polar westerlies 
is usually low over a cyclone that develops as a result of this synoptic 
pattern, the cyclone, of necessity, is comparatively shallow. The 
majority of them appear to form north-of the 15th parallel during the—;- 
months of August/September, ah<i October, and are usually of short 
duration.   -* *- — - •:. 

f. Other: Causes. 

., In addition to the five types of patterns discussed on 
"jpjp..-_3?5|3'i7» 18, and 20, there, is one additional situation that leads, 
"-äjst i3^r.equ.'eni&iy:, to stqrm'development.. ThU:s ip.yj.oygsi the case of- a  —,.. 
tropical, cyclone which develops in the trough induced by another cyclone, 
"Hie..exact .reason for- this, action is obscure. Hcwever, any trough with 
\a circulation -such that^ai-r, from a'mature'storm is being fed into it 
deserves the closest scrutiny; " r" - .-••"-    "   --:-.-  ,< • 

__ _----.     ~ Although the synoptic pa^ternsjfor development~as explained 
"In this section are all apparent and based, for the most part, gn~'ä;'~_ - 
single .year's observations, it is .hoped that they may'be of value' to" all 
concerned*in determining the approximate time and place of the develop- 
ment of tropical cyclones,     ~ _ .- .'_ -•" 

II. Direction of-Movement.. 

'(  _ • 

In 1948 and 1949 ,* tropical storms movedxin.every conceivable-"., 
.direction. -.A glance .at, the post analysis tracks in The  Appendix show ' 
examples of typical recurväture, inverse recurvatur'e", loops/ and many 
other types of movement. From this can be seen how seldom the so-called 
typical typhoon occurs.        •' ~       " '- -" „   --.--. 

Determining the direction of movement is probably the most . 
important phase of tropical cyclone forecasting. Although there are • 
apparently no definite forecasting rules or techniques resulting-in a 
high degree of accuracy that can be applied, it is felt that a close 
correlation between the surface and 700 millibar synoptic-patterns, 





adequate reconnaissance, and the application of practical, coimion 

sense concepts of meteorology can reduce forecasting errors to a 

minimum. 

—^   -* 

Because most Pacific tropical cyclones develop between £ degrees 
noHh latitude and southern periphery of the semi-permanent r?cific iii^h 
cell«  their first tendency is to move westward in the strong easterly 
trade -flow.    There appears to be a direct relationship between the 
synoptic pattern resulting in their formation and their initial direc-~-~ 
tion of. movement.    Generally speaking, the cyclones that form at the 
base of easterly waves, with the exception of-those that form, just to 
the east of the Philippines, will move west northwestward.    This initial 
direction of movement is apparently necessitated by the deep easterly 
flow to the north of the storm-area and the fact that the disturbance is 
still associated with_the Intertropical FrontT   7~'"        -'   ' 

i«. A cyclone that fqrms just to the east' of the Philippines has_a. 
tendency to move northwestward, since it follows the circulation"around 
the low in the. South China Sea that :was initially instrumental_in its' 
formation.    A cyclone that forms.at the^baser of ä quasi-stationary 
westerly trough can move in ei-ther of'-two directions, depending upon 
developments subsequentjtp intensification.    Generally, ifthe trough 

jtö th#--north- retrains; stationary^,. the- storm;will, move nOTthward in; ther 
"trough,J I-f,-,however,- the trough-fills ör^mpyes>.rapidly -tci,the east,   - ^ \ - 
the storm will .move northward untiirit .comes under,i>he .influence of-the - 
strong northerly winds, to. the_wj|s.t of "the trough, at* which time it will 
move toward the west' or'west-^outhwes^. '--"-"     —'   .-" -    ..-__:. 

;-• 
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12.. Speed of Movement. 

•"^"•"'-'      ~   SpeedrVof-movement of- the various Pacificistorms of 1948 and 
1949 varied as greatly as did their paths.    Many of the large, intense 
storms moved quite rapidly' considering their ägeas of activity and-"over- 
alls average movement.    This view-point, however, must be tempered by 
-the fact that they also' moved much faster than the average storm AFTER 
recurvature, causing their over-all speed_of movement to appear unduly 
rapid»    It seems reasonabire to .assume that their persistence in-mid-.    . 
latitudes after recurvature was,, .in largej measure, a directs reflection 
of their.energy.,, and,, in consequence, allowed ä longer period of'i±me_  
for acceleration before dissipation occurred, ' ;   ' 

The table on the next page- gives the average" speeds for, 
different positions along the tracks of 1949 tropical cyclones as com- 
pared with historical data (1905-1937).    Inmost eases^these_agreeLfairly 
well, considering the comparatively small sample used in obtaining the 
1949 data. 
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COMPARISON 

RATES OF MOVEMENT 

1949 TROPICAL CYCLONES AND.HISTORICAL MEAIB 

-T-v 

LATITUDE 

5°~10°N 

10b-15°N 

J#-2Ä: 

10-^25?N4 

"25°** 

.30°-35-°N: 

3'5°~40°N 

«^Lw* 

YEAR 

1905-1937 

19Ö5-1937 

1905-1937 

1349 

,1905*3337 

1949-. 

,1905^1937; 
M»      •**      «^       «W 

1949 

BEFORE RECURVING 

MEAN 

14 

11- 

13: 

13 

12 

J9 

.12 

13 

13 

12 

17 

ORDINARY 
LIMITS 

7-22 

mL 
9-17 

9rl7 

&m 

:7-ll 

10-I5-: 

^7-20 

.: 9^26 

WHILE RECURVING 

KBAII 

13- 

13 

16 

l£- 

;8 

13 

11 

13 

10 

13" 

ORDINARY 
LIMITS 

5-21 

.5-21 

16^17 

_,     §«     ,H 

5%12: 

£-21 

'.8-rl2    , 

5-21 

8-15 

5-=21 

4-15 

AFTER RECII.U 

IüEAN 

10   1 

H. 

19- 

18 

22 

-23' 

28 

31 

ORDIIIA, 1 

LIÄ1ITS 

1*3 

9>22- 

w*m 
9-31 

8^-32- 

12*33 

M^3$ : 

15^38 

11-47 

-a 
:i3 

ri3 

::f. 

S# 

"M 

- 3? 

5t 
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The average speeds for all 1949 tropical cyclones were: 

Before recurvature •—lCMj knots. 
During recurvature T 9j§ knots. 
After recurvature    ~ 15g knots. 
Over-all average 12    knots. 

13. Recurvature. 

Once a tropical cyclone is fully developed and has moved out 
of its source region or become disassociated from the Intertropical 
convergence rone, the problem arises-as to whether "it will continue its 
present direction or recurve in a different directipn.7   The problem of 
forecasting recurvature in the Pacific is one that will not be satisfac-     . 
torily solved until data.at several strategic points becomes more readily 
available, and data now-available, more reliable. — 

The terms,  "recurvature" and "point of recurvature", as applied § 
~ feo Cyclone tracks, dp hot_mean the- same'thing to all people.    For the , 

, purpose of'.clarification, the following definitions apply in this dis- •"         § 
cussion:     "recurvature" refers to that part of the storm track that curves" j 

in an opposite or unusual direction. from_.i&s- previous, heading.    The term, j 
"point of recurvature," is applied to that point on the .'track where the .^     - 
storm- loses; itswesterly component and acquires an easterly component.! '... . i 

... 's~~~- "Once ^ tropical—storm "breaks awäyf-romläny.influehce p,f. the "^.J     _" '_  .     *j . 
intert.gopical Front .and becomes merely an intense, circulation in the ,..."**'- j « 
general "flow surrounding it^'LjLt. becomes. Subject". to .many-variables in ~ ~3.- 

.  • • .     that flow, which tend tö steer the stormy according to the flow, patterns _   ^      ."   -4 
in .its vicinityT   Öriee—the location-and intensity of the surrounding.'    ^. / 7--J 

.„.high pressure .cells "and their associated troughs and ridges have been. -| 
^ firmly established/the flow patterns, as represented by the five figures       '.'~ "J 
^"* on the following page,_haye been observed_to produce the types of tracks      t.; .      17 

indicated by the broken lines.    A brief^discussion- of the' effect's.and 1 
the degrees.of variability of each of the typical flow patterns follows^ -     3 

—-       Although the. statements are worded in a positive manner for_th-e"sake~ofr ,    - "] 
' ^brevity, they are very general^assumptions based on the observation of-     „'     " " 'A.' 

1948 Pacific storms and their actions under .these conditions, as outlined": | " 

;_ -•"•- "      .     "a..    If the base .of the westerlies, to the west of a storm, as  ." .J.-. 
"    ,. represented by Figure 1, lbw^s appreciably and"remains loathe storm"?"-..,, ^        ^F 
.-.-. -    ' J<oX\-. recurve to the~northwar.d.    The^int ahe&d.bf''^i^ug^^^^^"^^^^^r^^^^-^ 

storm wiLI begin recurvature' is' "dependent upon a number of Variables' t~" "* ~~ *"  •-**-•• 
that _are"always present, although their' degree of effectiveness is .often "j 
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difficult to determine. The slower and more intense the trough, the 
farther in advance will the storm recurve. On the other hand, if the 
storm is well developed and moving rapidly, it will move closer to the 
trough before recurvature, In general, it can be said that, under 
certain circumstances, the storm will begin to recurve as far as 500 
miles in advance of the trough, but the usual distance is in the vicinity 
of: 300 miles. 

b. In Figure 2, the base of the westerlies to the west of the 
. storm are at some unknown height above the level of the storm but low 
-enough to induce a surface trough in the easterly flow. It has been 
observed that the usual sequence of events., in this case, is the re- 
curvature of the storm northward into the surface trough; then, since 
the base of the westerlies is not low enough to effect its. movement for 
any great length of time,, the storm veers back to .the west arcluvi the 
periphery of' the high cell to the rear of the trough.- The degree to -. 
which the storm will r^curve_n'drt'hwärd is dependent upon the intensity, 
of-the .surface trough and the s.pe'ed-of-Jbhe westerly"trough aloft .that__ -' 
induces it. The degree of fecurvature appears to diminish as the speed 
of the trough increases; -------- 

. _ .. .. = —   -Thadbype..-o£ r-ecurvature just, described occurs for the most 

./pärfe^söUtk-ölvÄitM^^: 0k§-^^%^"~~W^%^M^:^ :JÖQ£tih of jShiä point 
;ahcj[ _encount-ers ^a -weak^-trougK;ä#'i5Bistrated in Figure 2, it has-been*; / ^_, 
noted 4hi£7it oft en "becomes a part-of the trough, lii-ereby, chariging, the "- -";- 
circulation and--moy^SSt-of-ifi,e storm, to a pattern resembling that -shown  . 

*xh Figure-4* This usually- occurs, however, only if the trough ;is stationary 
or quasi-stationary. .;.-: ._" .   - _ "•       ' - , -  _^L_ v  -   .-.- 

". .p.. . Figure. 3 depicts ä^situatiöri^spriilar to that -represented in . . . _| 
Figure. 2, with the exception that, the high cell to the rear of the trough'— ' "1 
hab buiit-southward: "to -such an extent, it tends to bi^ock the storm's | 
westward movement-. Here-,, as in Figure 2, the storm recurves northward __-- _; _..] 
into the surface" trough instead of moving westward after having failed to - - J| 
catch "the westerly trough, moves southwestward around the blocking high ' | 
cell to the rear of the trough. 0hc<3~the~~storm begins moving southwest- | 
ward, it- has„been.observed to decrease rapidly in intensity, and, at ' •' f 
times, to dissipate entirely».  _      ~—  •       -"_" ~. -1--_ \ 

[•• 

. d. . The. circulation arid track of :the storm represented in 
Figure 4 is characteristic of a'storm that develops'at the base of a 
westerly trough änd/or a. .storm that,  subsequent to developraeht7~has be- 
come part of a westerly trough as-explained under Figure 2 above.          

e.    The circulation illustrated in Figure 5 is that of a tropical 
cyclone approaching a strong, deep, westerly trough which extends well. 
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into tropical latitudes. This circulation seems most conducive to sharp 
recurvature of cyclones •,  due, apparently to the strong southwesterly flow- 
to the east of the trough. This situation was seen many times in the 
area immediately east of the Ryukyus and the" Japanese Ilmpire '..here strong 
troughs from the west are most ccnsiion. 

1/,,. Dissipation. 

Since tropical cyclones persist only so long as the necessary 
supply of moisture -in. large 'quantities is present- it follows.,- therefore, 
that when the supply is eliminated, the cyclone will begin to dissipate. 
It. is thought that the energy necessary to form and maintain a tropical 
~storm-:is_d.erixed from the latent heat of condensation contained in the 
warm moist-air of the tropics. I:t_is_-plai-n thatjwhen this source of 
energy is not present, the-storm loses its identity and decays. 

The elimination'öf the energy^souree. is accomplished in several 
different-way s. "-Firstl, when a tropical cyclone moves over a large land "     ;_| 
mass suc.h as Öe Philippine ^Islands or China where the air being intro-^ — 
duced into the cyclone is, relatively much drier than that of the tropical 
sea, the cyclone will begin to dissipate. In reference to the Philippines, 
however, overland storm-trajectories over those islands is comparatively 
short and most stongs_Jb^nd to regeneratelupon- entering the South Chin®- 

:w 

_ .  .Frictio'nal forces,-iderxV^. f.r.pm. rugged terrain featuresf.also--..;". 
combine to_jdissipate tropical cyclone^''in that .area. - Chafer ^hina,:.tTie; . 
terrain effect is also .felt in large dggr'ee "although the lack' of -a/' !_' 
moisture source, seems to be indicated as the primary reason for storifi" 
dissipation -in-that-region.» .  /  "—  _ _ ••_. --'•- -",;" . "~-_  . /--_,'." „• 

'..As typhoons move from tropibai latitudes to more temperate 
latitudes, over the_ ocean, there has been a"tendency in the past OIL the 
part of some typhoon forecasters to ¥efer -to the typhoon as being extra-_ 
tropical- when it reached the vicinity of 35- degrees nörth~lätitude or 
moved into the proximity-of a mid-latitude frontal system. This is a 
dangerous assumption and should not be made without sound basis in fact. 
Äs has been previously pointed out by Palmer and others, the process of 
dissipation is a gradual one and does-not occur over a period of hours, 
but^usjally of days... The st.ructu.EeT-Q|r*t^e't;yj>ho,on differs markedly Trom__ 
that-of ttie extratropical storm änd'7'ev6iÄl:on;;fr;om pii£ to' the other takes 
place only after the gradual induction of^aolder^.-jdrier-air into the 
typhoon circulation.-  '•-."  - " " 

1 
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k' Only two tropical cyclones during 1949 dissipated while over 
t tropical ocean waters,and both of these occurred during the winter when 
I  0      the advection of cool dry air into their circulation was quite likely. 
t The other cyclones dissipated upon crossing over a large land mass such 
; China, or upon reaching latitudes above 30 degrees north. The more in- 

tense of the tropical cyclones reaching higher latitudes (Patricia and 
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Allyn for example) did not dissipate, but assumed extratropical char- 
acteristics and moved off to the northeast äs deep mid-la'titude cyclones. 

15. Damages. -_ 

During 1948, as in past years,=• death and destruction followed 
in the wake of the Pacific storms. The known damage and loss of life 
staggers the imagination. The unknown damage was also undoubtedly 
tremendous among the countless coral atolls and volcanic islands that 
dot the Pacific and throughout the land areas of the Philippines and 
South China.where news travels slowly. 

"".'    Typhoon Libby was, perhaps„ the most^jiestmotive storm o£ the 
year. Developing rapidly Bä~st§@f Xwc. Jima, it pounded that tiny" volcanic 
spit with winds of "120 miles, per hour.and gusts estimated at 175 miles [• 
per hour.. Roaring west,,, it' presently—reached Okinawa where it §tggnat#d; 
directly over ^tife" station Tor seven hours. Then, as abruptly? a^ it had 
Jirrived. J.t headej^np.r±iieast, leaving behind., an estimated $10,000/000 
property damage and ä dazed and battered populace. . 

.Of the eighteen named Tropical Cyclones -that pursued:their  . •_ 
vafious^,paths, .acro.ss the'./Westejen- 'North, ;Paeifia,. -only a- few caused^serious 
•damage "fro Mlitary'inätai^atiQnsi "ffhey were: . Delia ^. Gloria., fJuditlvr^'""'- 

Kitty .and .Silyn,. The greatest damage tö military installations..hasbeerl- 
credit.ed to Typhoöhs3lP^ia and" Allyn^v these.are the only storms ph.. which 
authoritative damage reports are .available. Alt hough nö~"breakdöwn of the 
destruction incurred by~Okinawa a§Jlloiia passed,^was received by/the _." 
Tfeather-Central, total losses were,estimated to be in excess of twenty 
(20) million dollars.      ".----'----J  ,  ~v ~~-     • -    '-•'.   r- --" 

" Aliyn was somewhat.le.as.:d.estructive_to Guam,._as may be ."-seen ,. • ; 
from, the following, breakdown: -"'- - -.„ "       "-. ;'  .,.    .   ._ 

T 
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Air Eorces_  . .   ."   » 11,000,000 " . ...                           -  •_  ' -      § 
^Navy               ~   '          3,811,158     "•*      -."_:_.     .    "    _ _J. 

Non=ia.litary   .%i_/.  2,503,700'   -       •    " '   . 
Army     . ":"   /" 1,750,000 .    -   "~. — - _" 

•a-- a 

,. --- -' ;."..'  Total  ... ,... , i 19,064,858'. ; /-   "•' 

Included i-n the above was the loss- of crops suffered by the 
native. Guamanians which has been a continuing problem affecting their 
livelihood» -.<_       " 

The afore-mentioned Tropical Cyclones, plus several others, 
inflicted severe damage to civilian" population throughout the' Philippines, 
China, Formosa, Okinawa, Japan and Guam. A breakdown of the civilian 
damages reported in Japan is shown on page 31. 
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Although-much non-military damage results from high winds, the 

greatest destruction is a result of heavy rainfall associated with 

typhoon activity. This was especially true in Japan, as shown by the 
breakdown on page 31. an<^ •*»"> +vi» TSV,-? IA *«,*«« T«U^-  T_ 4.'_ DUM • » • - . ~^^  „..  r-g.- ^_, _„_ — „^ * 4iJ.j_i.i>h«.«e isiu-nds. in tne Philippines, 

extensive damage was caused by storms in which no winds in excess of 

forty(40) knots were recorded. Actual accounts of such instances are 

not available to the Typhoon Post Analysis Board. 

In general, much military and civilian damage is prevented eaeh- 
year by adequate storm warning; however, this oniy applies to wind destruc- 
tion as. very little may be done to. combat the heavy rainfall that accom- 
panies these disturbances. 

t 

X 

16. Error Analyses.       :-     .      •*     -       '--._. 

-  Since the primary function-Of the^Typhoon Warning Network is 
to prepare accurate forecasts of tropical cycloheä in the Northern West 1 
Pacific. Ocean, it is-necessary that some sort öf verification prpgram 
be instituted to check ohJbhe success of the forecasts.   V-•--_-•_•   _     • 

At the Typhoon Warning-Center the errors for bulletin locations, 
12 hours-forecasts, and 24-hour forecasts made oh all bulletins issued 
have been computed.- The method used for determining the error consists 
of measuring the distance in nautical miles from, the questioned position 

tpjthe ;pösi^ön:>:B ^tsÄSte^by post ;aäa§yfis £öt'the same *tim#> __ 7 "<--  -:: 

•m 
"SS" 

•       7 A chart shewing the various average errors made by eagh ~sub=? 
center for eMhjtrpjpicjl*.«^lp|w^th&t/_Qc^u^rä^dvi]ä^ 194?, is£rjesehtgc 
-on'the following' pageT~"This, chart shows ho noticeable tgend:, further 
emphä3i|ihg tße^fäct that,each individual cyclone;is a~problem^b^3gpelf 
The part of the graph showing the combined averages for all storms for 
each sub-center and the Net is of particular interest.    It.would appear^ 
that the forecaster's abilities at each sub-center are indicated by the 
heights of these .bars.    This is not the case, however, as many other 
factors~enter into the consideration*— -___-_ 

From the graph, it appears that the forecasters at Andersen 
Weather Central are less proficient than those^at other stations.  . It 
must, be remembered, however, that'the .forecasts mad© at Guam were usually 
made at^fehej.;b>j^nningr of the life cycle of the storm when it was, ill-* 
defihecTahd subject to changes in speed and direction*    In addition, the 
data available in Guam's area of respoiS^bility is extremely-scarce, „often 
being limited to reports from Guam, Saipan, Iwo Jima.j a few islands to 
the south of Guam, and whatever ships might happen to be in the area. 

-W 

~1 

• sen 

ST 

Clark was hampered somewhat by lack of data and also by the 
fact that many storms recurved in their area. Kadena, being out of 

«err— 
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operation for a long period due to damage caused by Typhoon Gloria, 
issued only 24 bulletins, rendering their errors non-representative. 
Haneda Sub-Center had the advantages of a comparative wealth of data 
and relatively straight tracks which were usually established before 
reaching their area. Cooperation of the Japanese Central Meteorological 
Observatory was also of great aid. This is not meant to infer that the 
forecaster at Haneda are less proficient than those at other sub-centers, 
only that if all forecasters had the same tools to work with, the average 
errors would be much closer together. •• 

Much of the error in forecasting is due to the erroneous loca- 
tion of the center of the storm at the time the forecast is being pre- 
pared, . In an effort to eliminate, this error arid obtain a figure more 
representative of the forecaster's ability, the forecast errors were 
recomputed using the,same forecast direction and velocity, but using the 
post analysis position as a basis rather than the erroneous bulletin 
position.   ".-—- i*. •-•' -~.~:: -    ""     _ 7-    - ..- 

It is beyond the scope of this report to discuss the forecast     *''-'*" 
errors individually, but explanation of the large errors made on certain 
storm3_j3hpuldrbe attempted^. Detailed. explMiation has^usually been T.  - .: 
eovered~ih^th# i^ 3U>ppEts^-=   " ._-_/_ ^^r^^r_^y^%-^ 

. '     The iargest ayerage~errprs_pf 1949 were-made_by Guam in^fpre^  ~ . 
casting-the movement pf Typiiöori Carmen. Ajg^^ce at the post "analysis ~~"~Tr"7 
path of this cyclone on page   will "show/bherreason for this^^Sarmeh 
had a yeryunusal "pathy to say theTleast. , Also" reconnaissance was in- • _ 
adequate and^ätä from thjT'area-very meagerr Typhoon Hester, another 
unusal storm, "had large forecast errors -for the saifie reasons. The 
large errors, oh Lise and Madeline were due mostly to the fact that un- 
known to the forecasters, both were in the process of rscurvature at 
the time they were first detected. "-^  —.  "-f 

- - - - _    J 

Other large errors were made by Kaclena in forecasting Delia   -J| 
and Allyn, and by Clark.ih forecasting Patricia,, the latter two cases -- - 1 
being due to unanticipated recurvature, Haneda had^average 24-hour fore- |. 
cast errors or more than 200 miles oh only three stPrms during the season; T 
Delia, Patricia, "and Allyn. The large? errors on Delia.were due-to the --" '|" 
rather unusual northward movement, the errors on the other two storms J 
being due to acceleration of the. storm after recurvature. '  \ 

On the "credit side of the ledger are the numerous accurate 
forecasts made by each member of the Net. In almost every case, these 
small errors are attributable to the smooth track of the cyclone and 
the availability of data. 
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Unfortunately, no verification of tropical cyclone forecasts 
was attempted in previous years either in the Pacific or the Caribbean; 
at least none appears in the available literature. Thus there is no 
basis for comparing the success of the forecasters, of the 1949 season 
with that attained in previous years. It would seem, however» that a 
24-hour forecast error of 187 miles leaves much to be desired. This 
average error means that the storm could be located anywhere within an 
area of 110,000 square miles, which is quite a large area even in the 
Pacific Ocean. Similarly the 12 hour forecast error of 105 miles means 
an error area of •35,000 square miles. In locating the bulletin position 
of the storm the average error amounted to 52 nautical miles, an error 
„area of 8,500 square miles.*  ~j : 

_--.-   -    IV« "TYPHOON AERIAL RECOMAISSMCE " • 

1%  1948 Operations.    ..-    . . " £*>: -.".   .-.--" 
•"'"l"" • in* i  i   ijnv ^ Ci- -«• 

f  Discussion and debate of the relative merits of--high and.low 
level.Typhoon, reconnaissance "is as old:-äs r.ecönnaissance-"-its^3JV=Each_;\>_ -. 
method has its advocates since bothT types of reconnaissance have their 
place in the"never ending search for tropical cyclone data. The goal 
of the search is, of course, possession" of all possible knowledge per- 
taining, to tr^pical^cyclöne phenomena.. While attainment of this ,goal^ ,T 
"is, not feasible with'presint methods and equipment,"nevertheless-,, •tfe'f.   "   ^.^~[. '-'. 
search* will .go on and :b^h.Aypes^of aerial reconnaissance mentioned __ 
„above will continue to piay a large part in the eventual realization "of- J  . " %-. 
the goai:,_ '' ;   - _........-%r~;T~ ---~~.- -/ - •.*"_- -."-. • =_. -•_. _._-ui-/^— ~ ^ \_^r-v'_"~%' 

Weather reconnaissance in. the.JPäpific during "1948, as .performed 
by the 514th Weather Reconnaissance Squadron, was a combination of the 
two methods, usually dependent upon" the type of information desired,by 
the^using agencies.. The standard typho.on reconnaissance .procedure not 
in use and developed late in tire yeär.j is such a combination ^and employs 
-the boxing method-of-circumnavigating the'storm.    -  '- --— •_ j—~__ 

Following the take-off on a. typhoon mission, the aircraft climbs ;    • % 
on course to the- storm area until the 700-mb level is attained.,- Upon 53" 

— ,         * reaching the storm., a peiielratioxi__is "ifiade_„diije.'c.t.ly into the eye by flying  _ S .^--5 
|V ..  --•      ^.-perpendicular to the wind toward the center until the eye is reached, '""_" -• 
?"" " '  keeping"the wind off the left wing.   'Within the relative calm of the eye, I 
| . a descent is" made to 1,500 feet, at;the discretion of the aircraft   " ""'     |_ 
1 commander.     The weather observer aboard determines the pressure of the !. 

storm at the center, gathers other information-, normally'required, and 
sends his "report.     Circumnavigation must now be accomplished.    A climb_ \ 
back to the. 7GC-mb level is made, and departure from the eye is made ; 
through the weakest quadrant of the storm as determined by radar-scope 
returns.    When the point is reached where the circulation of winds about 
the storm has dropped to 40 knots,,  another descent is made to 1,500 feet 
and th° bracketing procedure begins••    This consists of flying four legs 
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counterclockwise about the storm, each leg approximately ?0 to 80 miles 

in length, depending upon the configuration of the 40-knot- winds. The 
legs are oriented respectively on the cardinal heading» of south, east, 

north, and west, and the movement of the storm taken into consideration 

while the bracketing is being accomplished. 

The advantages of this method appear to be obvious in that both 
surface and upper-air data is gathered. The surface data is obtained at 
a fixed distance from the storm center in all quadrants. The eye is 
definitly fixed at both levels. The minimum 700-mb height and surface 
pressure, together with the maximum temperature within the eye, are 
-secured. Although more time is consumed in the climbs and descents 
required than would be the case if the entire mission were flown at one 
level, it is felt-that the information gained warrants it and is of 
greater importance. Also, to be seriously considered is the faätor of 
crew fatigue, which in bypassing the areas of severest .turbulence, is 
lessened considerably.-  In like manner, the danger uf damage to.the air- 
craft is- reduced to a minimum. '-•''. 

-Ife-sRe'coanai-ssanjce on"^sn^Qöh-iiazel. 

<- 

e- 

During the period of ^Typhoon Hazel, September 2r-7, 194Ö, ä 
noteworthy opportunity-arose to consider both high and low-level recon- 
naissance at. closes ^nd»;   On theL gofMng:of '4 Sigxjtember 194Ö, a B^29 
Of the 53^th ßecö^aissäince Squadron$ sta^ng put of Olark ^eld, MalSla, 
toom off to rejcööngit# Typhoon Hazel, centered £50 lilies, off' the east 
coast of- Luzon.l-At^that ^me, singls=level mssicns- at the 70JGMnb level . 
was standard'procedure. \Consequently, the aircraft climbed on course 
to the.700Hab level and, in due time5 ^arrived in-the storm area where: 
4sircumnavlgattion was begun in the southwest quadrant.    Flying ci|tunter=T -~ 

clockwise with the circuijation around the center, the aircraft secured:_^j2i 
readings-zin all four quadrants then took up a heading toiestablish the' 
center of thV^typhoon and presently broke out into the eye.    Flying 

—below them at .600 feetToyer the water, the crew saw a Navy Privateer 
aircraft which had been dispatched 'from: Sangley Point Naval Air Station, 

^Manila, also to reconnoiter the storm.    Although Tthe flight aChadnot   - 
_been planned to-coincide intentionally, it, nevertheless, afforded-an      _ 

unprecedentedopportunit'y^to study the^twp methods of reconnaissance 
whose combined reports resulted in the plot shown on the follbwinig page/» 3. 

- " •   • '. • '  - " • .      •— - •   .. - -     ---•-•""     I -" 
A close examination of the „plot will reveal aLremarkable. "    -  "-^ofc 

similarity of data obtained. To sLmlify the-chart so that, it would'have   -s- 
-greater wind field clarity, only a very small porportion of the data _" 
reported is plotted. The Air Force reports are indicated by solid 
figures and-the Navy reports by dashed figures. Both crews reported 
the area of maximum winds and heaviest rain to be in the northeast 
quadrant. The Navy observer reported surface winds as "gusts to 75 knots 
in squalls" while the 514th Squadron observer obtained 700-mb level winds 
of 74 knots determined by double drifts. Both crews reported the eye as 
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The outlook on +-yphoon reconnaissance for the 1950 season is con- 
siderably brighter. The 512th Reconnaissance Squadron (VLR) Weather is 
to become operational very soon at Yokota Air Force Base, Japan, and 

should be an immeasurable aid during the next season. At the present 

time, a forecaster from that organization is on TDY with the 514th 

Reconnaissance Squadron and is working with the Typhoon Post Analysis 

Board to familiarize himself-with its procedures, problems and needs. 

It is felt that this training wil}. be of valuable assistance to the 

512th Reconnaissance Squadron when they begin flying typhoon reconnaissance 

as* 

One of the faults of reconnaissance during 1949 was the scarcity of 
fixes On.typhoons and the inaccuracy of some of the fixes obtained. 
^During the reconnaissance of Typhoon Allyn the 514th Reconnaissance 
Squadron inaugurated the procedure of sending two navigators on each 
flight. The results were far beyond the most optomistic expectations. 
It was found,that two navigators could fly two consecutive missions with 
less fatigue than one navigator would fly one mission alone. Oh these 
mäsions wherg-iägp navigators work together, one man does all dead 
reckoning taking responsibility for position jreports and.directing the 
aircraft while the second navigator concerns himself primarily with  ~~ 
obtaining fixes for the other navigator by nsans of Lor an., radio, celes- 
tial or any other method available. This procedure provided more fixes 
which were more accurate than; by any-previous-method* _„It is therefore ' 
recommended that whenever^^ssiible two, navägätprs should be gent-Miga&h 

iöon-reepnii^ *""."-"- — """-.-_.. / *; ' 

Another common fault found witntyjjhoon^reconnaissance "in I$49 was . ^~- 
a lack of coordination betwien the JTyjphpon^Genter and the 514th- Recgnnäis^T. 
sance Squadron, In accordance with a directive from 2x43raMr WSather ; 
Wing, a:.forecast er from the 514th Reconnäisfäänce Squadron has beenassigned, 
to full time additional duty with the Typhoon-Post Analysis Board, -He— 
is.to concern himself with collecting reconnaissance data fromJhis squadron, 

prepare reconnaissance or operational, portions"of individual tropical 

cyclone reports and the yearly summary, act as monitor for-the Typhoon 

Post Analysis Board during tropical storms and maintain liaison between 

the 514th Reconnaissance Squadron and the Typhoon Post Analysis Board. 

This should eliminate the delays experienced in the past in securing 

reconnaissance$ also, it should -provide more complete'information from 

the reconnaissance organization, thus preventing the loss of much val-_ 
uable- data äs experienced during the 1949 season..-_ _^  , 

  In several instances during .1949 the reconnaissance missions failed 
to circumnavigate the storm being reconnoitered. In mojst cases the 
reason for this wasbecause of late take-off due to aircraft not being 
in commission, or long distances prevented circumnavigation because of 
darkness, With two squadrons flying typhoons in the 1950 season it is 
reasonable to expect that every storm will be circumnavigated. It is 

r 
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strongly recommended that an earnest attempt be made to dö »0 as the 
data obtained by such reconnaissance is invaluable. 

Only nine soundings were made in typhoon centers The reasons for 
not taking soundings were; insufficient time in the typhoon's eye, 
shortage of fuel supply, and in many cases due to cloud coverage in the 
eye. Eighteen dropsondes were released; six of them were successful. 

Radar scope photographs and aerial cloud photographsrwere not 
always taken. Radar operators and Weather observors seem to need more 

- instruction in the use of the K-20 aerial camera. 

It is the opinion of the Typhoon Post Analysis Board that very 
high altitude, reconnaissance on Typhoons would be of great value for. 
research purposes•»    It is recommended that, if at all practical, this 
be carried out during the 1950 typhoon season. 

OPERATIONAL SUMMARY _   r 

,514th RECONNAISSANCE SQUADRON (VLR) WEATHER 

TYPHOON 

\ - .--- 

Air craft and icrews .available. ==*   -•-'-    ' 
1,    Average jhumber aircraftf availabie." 1 

~2.    Average number crews_avaiüäbie.i   "" ~ 

^Missions-re paired                     ~                     \ ".    ".- 
1.    Actual typhoon morätoring *(75 mphwinds)~ 

-   2.    Search, research or syncptic weather re- 
connaissance missions ofprimary concern 

irto typhoon^f©recasting* _ _n_l_  '  

=0^ 
5v©; 

."'••- 54 
Total 100. 

-1 

"#- 

.-1 
5-» 

"IT 

Missions accomplished   " J.'l '.- 
Iv Actual typhpoöfnnssibns flown. 
2.. Search;,jresearch or synoptic missions. 

40 
~ 10 

Total 50 
<$ 



being open to the northwest and estimates of surface winds made by the 
514th Squadron observer agreed within fiye knots with those reported by 
the Navy observor in all quadrants. The only discrepancy noted in the 
two reports, was a difference of 15 miles in the position of the typhoon 
center, which was conceivably an instrument or navigational error, or 
the combination of any number of factors. An error so small in determin- 
ing the center of a typhoon of the magnitude of Hazel is of little con- 
sequence, as an allowable error of 25 miles is the normal' limit. Although 
no concrete conclusions as to the relative merits of high or low-level 
reconnaissance can be drawn from this single mission, it can be stated 
definitely that a need for both methods exists. The type to be used 
must be determined by the information desired and the intensity of the 
storm to be recohnoitered, 

\r= -    "•-'•" -   .      '     • : 

I9. 1949 Operations.     - ^     "" . -  - 

i- 

*^~~       The ^Typhoon Warning Center at Andersen AFB (formerly Njarthj G-uäm r. 
AEB) made 100 requests for typhoon reconnaissance during the 1949 typhoon 
season."  Of<the requests 'made, only half could be fulfilled by the 514th, 
Reconnaissance Squadron (VLR) ¥eather.    The 50 missions JTowh actually 
covered 54 requests as thsre were foür^cäses where two separate storms 
were reeonnoitered by one flight«-   There were four cases where, tj^i 514th 
I^Connaissance Squadron, used aircraft fAirnishgd by the 19th bombardment.. 

— .In every instance where reconnaissance was requested and the- 
514th-Reconnaissance .Squadron wasi xSiable to furnish the mission, the   7" "- 
reason was the same •=• no aircraftr ävIdMäble^^ The' tropicals climate And 
aged eglipment began to hamper the squadron's operations mpre aää^inör3c" 
asvtbe ^eason^progressed.    On the first five typhoons of the: year the/. 
5l4th._f.lew 70.92 percent of—the missions requested, but on thei&at five 
typhoons only 44-38~percent of the missions were flown and this percent- 
age is high only because-of typhoon Allyn on which eleven missions of 
twelve requested (91.66 percent) were flown.    These percentage figures 
show very well how reconnaissance declined as the 1949 season progressed 
(See JÄgisr36}. -... -__-,," 

Coinmunication öf reconnaissance data, showed an. almost reversed^ 
-tosend to the missions flown;   At the beginiiing~of the season reports 
sometimes required several hours to reach the Typhoon Center.    In a few 
cases""fchey were«never'.received by the Center at '%&.*   Toward the end of   ; 
the season conditions were very much improved and it was usually ohiy a 
matter of minutes until-this-Jjafprmation reached the^ Center.^ Only in 
cases where communications equipment was damaged by s/torms were there ~~'" 
any long delays in the receipt of reconnaissance messages.    It is 
regrettable that accurate logs were not maintained on reconnaissance 
messages by th«T Typhoon Post-Analysis Board so that communications 
statistics could be included in this report*    However, such a program 
has been initiated and a detailed report on this subject will be included 
in the 1950 Operational Report. 
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Hours flown 
1. Actual typhoon missions. 
2. Search missions. 

DAY 
319.40 
71.40 

Total 391.20 

NIGHT 
110.45 
27.30 

130,15 

TOTAL 
430.25 
99.10 
529.35 

Observations transmitted 
1. Primary addressee NGAFB Typhoon Center 

_ 2. Secondary addressee - Net 
880 

Unknown 

Observations received by Typhoon Center 
North Guam AFB (Andersen AFB) 

Average delay-in receipt of message 
Record' hot kept, 

875* 

Soundings 
1. Aircraft 
2. Dröpsonde 

9 
18 (6 Good) 

i&   ••--.-—- 

*: Approxii^te 

-••* -•—> 
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NARRATIVE HISTORIES OF TROPICAL CYCLONES 

TROPICAL CYCLONES OF 1949 

TYPHOON CARMEN 
January 15-20 

U 

Carmen, the last storm of the 1943 season. was post-analyzed 
as having moved in an anti-cyclonic arc. Its origin can be traced 
to the southeast of Yap, at the junction of the base of a westerly 
trough and a secondary line of convergence associated with the 
Inter-tropical trough. Its track can be followed south of Yap and 
northwest between fcYap and Palau. Much speculation was afforded 
when three reconnaissance fixes indicated a loop in Carmen's path. 
Indications were that Carmen was a very small storm in- the respect 
that"high winds and weather extended only a short distance from its 
Renter. Äh^allowance for navigational error along.with a 48 hour 
stagnation would have, discounted the unusual recurvature. The 
final leg pursued a southwest course infeo Mindanao, the result of 
the-Siberian high cell's intrusion into the Philippine-Sea.' 
Sporadic surface and.upper, air data throughout the storm's-duration 
was of insufficient- value to prescht a true picture! the. resultf~-- 
eohfusibn and~inaccurate forecasting. \ -     - 

TYPHOON PELLA 
.. ..        - '   June 17-21 

X] 

- - r ~ 1 

!_-_.   Although-Delia =ßä'Si=-the second.- fepjöpjLcäl cyelöne iöf. Äft_g^t|^~" .:_ 
jshe w%s^tfie;^d^s.| öf the i$U9~ tyjihoibn season.   pells" hsgärf" asl|nr~ /- 
easter-l|r rwävf and-ean-oe' traced; äs^far east ,as T-rrülciyath .cöhs'istehCe, 
Kwajaleln^shows the.passagei'a%p,'but il|s track to Truk.is;indis^   • • 
Ninety   The eventual tracjic was"subsitantfärt^sd by/da~ta~ at. GUep and 
Yap-witth intensification-¥vident near 1$ N and" 127'E,.-seven dgy| 

the easterly "passage a-t Truk;    A surge of- moist Maskable! väir 
jfrom the -southyrest-_was.Ji.he-^primary factor in intensification* ; A; 
-parobo tic path was follpVired,^th the eye passings over Okinawa»   . 
Contrary to c-limatolqgicai^datra., Delia pursued ä path across Kyushu 
rather than—the-conventional-movement up the polar ^trough to _the"  , 
south of~the Japanese Empire*    Delia moved into-.-the Japanese'Sea- 
and became extratropical four days after it was detected.as a . 
Typhoon.     "/• • -"- -  -."-••• --   ."" : ' "l 

-TROP-ICAL^STORM ELAINE 
=•     "July S-10 

Elaine, a tropical.storm throughout her life, developed from 
an ill-defined easterly wave that .passed south of Guam. " Lack of 
sufficient data prevented accurate detection of tho easterly east 
of Guam., .As Elaine passed Yap, a surge of the monsoon winds, to ;the 
^outh of the Inter-tropical trough intensified the wave and a -weak 

iX 
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(ELAINE CONTINUED) 

circulation developed at its base. A 290 degree mowiment at 12 
knots was followed until it passed over the northern tip of 
Mindanao; from this point a gradual recurvature toward the north- 
west was taken. A southerly flow in the South China Sea aided 
in intensification but there was ho evidence of winds more than 
45 knots throughout the storm.» The storm tracked within 60 miles 
of Manila and dissipated rapidly as it entered the China coast 
west-southwest of Hong Kong. 

TYPHOON FAYE 
July ,13-10 

Faye was' one of Ttwo s terms that had its origin in the upper 
air, between 25'and 40 thousand feet, and gradually descended to 
TthU "surfafce over»the- western edge' öf the Pacific high cell, 
(indications öf-Kwä^aieiiv1 s cupperwinds verified the presence of 
an-upperairlo^änd five days-later it's nearness to.Iwo-Jima: 
was reflected on the surface)    Faye, a moderate storm moved near 
and to the south of Two Jima and recurved around the Pacific 
high cell,  500 -miles to the west Of Two Jima.    Faye f olTowed a 
northerly path upon recurvature and passed over the western edge 
of Kyushu into the Japanese Sea, "     . 

^TYPHOON: mmm :...:•*: 

"_-i    SELpriä,, one -ofcthe.,most intense and &Qst^c\,^6'i^^öbaJ-s;ö$~^r 
the ^i0^$§äßqsiy f oimedl'ff-^~a%ortex^a - 
wave wl^h-!^'Intensified surg^after;   • 
passing spilth of^Gu^V--©lojä%%äs ".first; .ifetected ,as\ a typhoon --:-' 
near 15 N. and" 132 E.  -Her "future" track was' north for 450\miios with 
inverse recurvature to: the rnorthwest passing over. "Okinawa and 
entering: the China coast hear-Shanghai.   KaxLuUa winds "were-esti- ~~ 
matedfin excess of 110 knots..----^ -         - 

--_ -q 

TYPHOON HESTER 
" July 23-^28 

—_i^—Hester-,* One ;pf;the^ s^eäsonlajaost confusing storms, resulted 
from the intensification of "an easterly wave neaf^Guam-, ~Post-:  :~ 
analysis" indicates that a convergent westerly and southwesterly 
flow in the vicinity'of-Saipan was the factor in; intensification* 
Reconnaissance revealed a loop in Hester's trackfnear Saipan. 
After ä north--northwesterly movement to the east'of Iwo Jima, the;"_ 
storm finally entered the Japanese mainland to the south of Tokyo, 

/#• 



(HESTER CONTINUED) 

Hester was strongest at the time she was first detected and weaken- 
ed thereafter, becoming negligible when it struck the Japanese 
islands« 

TROPICAL STORM IRMA. 
July 28-30 

Irma originated in the South China Sea end—intensified into 
a weak storm for reasons that_are'only_supposition due to a lack 
of data in that/ area." Her path was! northeast and finally north. 
Throughout her life,  reconnaissance could find he-evidence~of ~a 
defined center, but reported 50 knot vinds. ., 

TYPHOON JUDITH     _ ..---. ~     "-»..'" 
.     . . --.'••       August .12-16 . lT-  "-"^ 

• '   Judith, began ^as a vortex associated with .an easterly way'e - 
and can be identified as having passed Kwajalein 20 days prior 
to its dissipation. " Intensification into a typhoon was near 14 

-N 'and 126 E;
;:but. the cause is uncertain.    Soon after detection 

of the typhoon, normal recurvature began,  but two. days later in- 
verse eurvature, was' evident.,-^ At the time it was _ thought that. 

•Judith jsp.lit--inte>- tv% .gellss;;. -onejaeinLBö^Äg •esst^nöiith'last and    - 
tKe •othe^rinorth^nprfehwest^.^ jpasjb analysi|_ indici.tes thalToflly; one 
cell was present and,.its: pafelfiwas_siightly to-the'eastTof Okinawa 
-with.'invecse .recurvature övejp western Kyushu. • Judith wasva weak-. 
typhoon^, ättalaihg'maximum vdrids of 65 knots. ^- :-  .   ;r?"i:_"." ==- -—_f-_.^ 

p-^CiTTYrr^^ 
-August 2$*!-September; 

.   :,  Kitty originated from an easterly- wave-that passed^Kwajalein 
and intensified near 23-N and 15.4 ~E»    It is believed that intehsi->r 
fication was-vthe result, of a westerly trough that-moved to the. north 
of the storm prior to its detection.    Further, the northwest move- 
ment into the nose of the Pacific high- cell assisted in maintaining 
the gradienti   Kitty began, recurvature near 32 N and HO Ejr-but -_•-— 
normal recurvature was never completed as the storm maintained a 
northerly mevemenfe across Honshu and dissipated nca^Hekkaldq.  .     ._': 

t  iRecöhnaissance reported "a.^maxi/aumrydnbT of 65 knots•    Kitty in- 
. flic ted more damage on the* "Tokyo area than any stornf during the 
season.    Gusts to 75 knots"were reported with torrential rains. 

I 
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TYPHOON LISE 
September 2-6 

Tropical Cyclone Lise was first detected as a- weak topical 
lov: passing north of Guaft öttd Saipan on 31 August,    Navy Recon- 
naissj_'.ci two days later eet&bliashed that this Icr: had increased 
60 r.-phoou intensityi    Intensification is attributed to the low 
moving into a stagnant low pressure area in tho Philippine Fea,. 
Lisu oogan a sharp recurvature en 2 September and passed 70 >~-l»'-5 
southeast of. Iwo Jima as an intense typhoon on 4 September.    :-.xi- 
mum wands of 05 knots were experienced at Iwo Jima for a short 
period. 

" TYPHOON laast» 
September «MV 

Madeline was-the second of two storms during the soasor that 
originated in the upper^4i?-^pdsurfaced over tne/weste.?-:* idge of 
-the Pacific high. coll..   A surface^ship. on„_.l Soptember^grve .first 
indications of a..relatively woäk -storm in the yic:ini.ty •: J 21:.N and ^ 
151 E.    The storm was discovered, while in th -^process -o.ü recurvat arej 
the track 'thereafter moving nörtEv/ard, mi&ei.ag. I\v.> >T%*.i- by 450 miles. 
Madeline never reached typhoon intensity a..d GJs-.'.jpea.-.-ei into the 
polar trough five days after it was/detect od.. 

-   -G&     - 

Nelly"'-WaV the. result of*, an\easterly wave .that intensified .into 
a typhoon -eight-days^äf-ter"its,passage at-Truk,— .The.faroör in^in^ 
tenslf'icationj^vas a weak but persistent,^e^itjrly trough that ex- . ' 

' *~-    - . -*_ _    V -tended south-southwest "J€S'\i. point "just xiortuve^t of iihesjtozm.  ..,:.. 
fiä* V"     : : --Reconnaissance established NeIIjr as a. typhoon 2£>G-^ri.ies =outffpf-/ 

''\Zr~'     -.."-      '/'• Okinav.-a,—after three previousmissions ~over: :a period of._£ivo..day's 
_.'.__ -V     had failed to indioate-winds, in excess of 45 knots-.    The-.Btor-n'__^Jl 

passed -south-of Okinawa and struck central Formosa.    Nelly: dis-- '    • 
 . _ appeared into 'the China coast/nörth öf"Höng"Kong. . "__.-. 

T ""  -1-. -    / -    "-.'-- _'   TYPHOON/0MELIA ' - •' .--...."     - 
.-~oo*. —- —      ' .    .-..---.'--'.-- October 1~4^_  ...'   -     '     .       '   ".-.. «••   •/". 

" Cmelia was first noticed in- rohe ..latter days, of September,lJn 
the lap-Palau area.    This storm can be traced to Kwajalein, nine  . 
days prior to -its intensification'"to a tropical stcrm.    Data is 
.insufficient to determine the cau-se-of intu.nsifi>|ation, and re'-on- 
nais'irnce fixes failed to reveal its luitehE^ty-.,    Loving northwest- _ 
ward, Omclia passed betw^n Luzon and FormosaT-striking t.i.  Jhina 
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(QkHIIA-CONTIMlED) 

coast on 4 October 180 miles northeast of Hong Kong. OmuLia's dis- 
tinguishing feature -was the reported fact that no closed circulation 
could be found near the center by reconnaissance. 

TYPHOON PATRICIA 
October 24-28 

_ On 17 October, surface ship reports from the Truk area gave 
the first indication of the tropical disturbance later named Patricia. 
As it moved slowly northwestward it began to intensify such that a 
definite closed circulation was apparent with the passage-southwest 
of Guam on '20 October. At this time, the storm' was in the process, 
of recuryatureuand continued thereafter on a northeasterly track 
which skirted! all U.S. Icilitary installations. Patricia traversed 
over 3>QQ0-miles in the eleven days it. was under surveillance by  -     . 
the Network; :•'._   ..,    _ .-=    ; ;      ~..r.. -_.-.„.__ 

>  TROPICAL ST0K1.EEMÄ,-- ^".  ;..-""" ~~ "--._.  " -• 
j_ j:.35pKembe;r" 11-^14    ".""•"       ..   ,    A — 

Tropical Storm' Rena was .an -example of the early- -vjlnt"er_stonns 
which intensify in the Palau area> then move across the Southern 
Philippines to die in-the. China Seat   -Ruia passed through the islands 
brvihginl- heä^^alos^ ;butj njr bxces|^>e -winds»_.- JE&_ti3Y thought Wat. ;    " ~ -~~ ~ ~-~ --;. 
#yfiaj;e was slight äince t^evmäMagÄ vdnds ..reported #$' ä-'JiE^.ätafc'ion"      "'"   - 
was /+£ khots,,- "Recurving slightly Upqn^leävlrig -th<^ PhiMppinesy Rena 
took up a cbüree, .fort/.Hörig -Könäir%ii dissipation had already bt?gun, 
%d in cföäi-ing the "China Siäptiie: st&fm soon .lost its idöntityv     r      --_;__   .     _| 

"•——'I.--   J.JJ'    :   ?,5 TYPHOON AHS^=f--   -:L^. .; ::--.;: ~. "'""•'..-••:-.v-i:' 
•.' ; _ —~,^ ?      November ll-24 -      ./   -  '--": '._,...=—,-.. 

iß- 

r-r 

" Oö.;10-November, Kwajaleüi experienced the first affects of tho~"~7 ^=| 
storm' vhieh later developed into Typhoon Aliyn. - The" torrential rains ----- . J 
and a wind shift indxeative-of "a vortex7 induced the Kwajalein fore- | 
caster to release a tropad alerting the Typhoon Earning Network* -.. ""    ~~      §. 
As "the storm continued westward it rapidly intensified. The first     
reconnaissance flight established the center of the storm north of - -—.__ \ 
Truk with, maximum winds-of 60 knots. Three days later vfaen the storm --^ 
•approached Guam, the winds, had -increasedtoi 120 knots.~~Gn 17 Nov- . _ ..' 
ember, Typhoon AlIyJTJsltruck .Guäm-with.aTferocity unequaHed-since  7   ~~^~7~~ 
19-00.. Passing within 35 miles of the southern end_of the island,   ->-- 
the storm created havoc on a grand scale. No lives.were lost, even 
among the natives, who, lacking typhoon shelters, endured the storm 
in their houses, hundreds of which- were completely destroyed. By 
early morning on the 18th, the populace was able to'leave "their 
shelter to survey th_e__destruction which amounted to millions of 
dollars^ AUyn continued along al«cst northwesterly track apparently^ _ 

'24Ä   ' 



(ALLIN COKTINUJSD) 

headed for Okinawa; ho;;ever, rocurvature occurred, and the typhoon 
passed south of Japan, lashing Torishima vdth 80 knot vrinds before 
setting course for the Aleutian lovi. 

TYPHOON BETTY 
December 3-5 

Tropical Cyclone Betty, a small but reportedly intense stoi" 
developed in the Yap-Palau area December "-2nd end 3^d then moved 
v;est northwestward through the South Central Philippine Islands at 
an average speed cf 12 knots. Although the first reconnaissance 
fix on December 3rd estimated the winds at 00 knots,'the light sur- 
face winds reported as the storm moved through the Philippines in- 
dicate that Betty probably never exceedud-^0" knots intensity. Thus 
ended one of the weaker ?ahd- more obscure storms of =the7season. 

TYPHOON CAi^ILLA 
December 9*-13 

- • - Camilla, the final -significant storm of the typhoon season^ 
was the-ninth tropical. cyclone to intensify,in the Yap-Palau are?. 
Similar to other late-seat;or. storms; Camilla moved vest northwest- 

across northern Luzon, diisipating #i£l-p crp'ssing/the" mpüritainous 
area.: GaMlla then moved-northesis'tward^up th^ polar trough, ac.ee" 
lerating -Rapidlyjand becoming ext-ijatröpical just .eäsfc^ef Okinawa«: 
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